Introduction
As part of our ongoing studies on Thai medicinal plants, we investigated the constituents of Trichosanthes tricuspidata Lour. (Cucurbitaceae, Thai name: Khe-KaDaeng) collected from Chantaburi province, eastern Thailand. T. tricupidata is a vine which ranges from the southern area of China through south and south-east Asia. In Thai traditional medicine, the plant is used in antifever, laxative, anthelmintic, as well as in migraine treatments. In this paper, we report the isolation and structural elucidation of 18 cucurbitane glycosides (1-18), of which 14 are new (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (17) (18) , together with a new hexanorcucurbitane glucoside (15) and a novel skeleton, octanorcucurbitane glycosides (16) from the fruits of this plant. The conformation of the parent cucurbitane, 10a-cucurbita-5,24-dien-3b-ol, was described by Nes et al. (1991) .
Results and discussion
The methanolic extract of the fruits of T. tricuspidata was first suspended in H 2 O and defatted with Et 2 O, with the resulting aqueous layer being subjected to a column of highly porous copolymer resin of styrene and divinylbenzene, using as eluants H 2 O, MeOH and Me 2 CO, successively. The fraction eluted with MeOH was next repeatedly subjected to silica gel, RP-18, or prep. HPLC chromatographies, to afford 18 cucurbitane glycosides.
Compounds 1 and 2 were identified as the previously known, cucurbitacin L 2-O-b-glucopyranoside (bryoamaride) and 25-O-acetyl-cucurbitacin L 2-O-b-glucopyranoside (25-O-acetyl-bryoamaride), respectively, by comparison of their physical and spectroscopic properties with those reported in the literature (Ripperger, 1976; Oobayashi et al., 1992) .
Khekadaengoside A (3) was obtained as an amorphous powder and determined as C 42 H 64 O 16 by HR-FAB mass spectrometry. The 13 C NMR spectral data revealed the presence of two sugar moieties in addition to 30 signals for the aglycone moiety. The negative FAB mass spectrometry analysis of 3 exhibited a quasi-molecular ion peak at m/z 823 [M-H] À with significant peaks at m/z 677 [M-Rham] À , which could be identified as a b-glucopyranosyl and a terminal a-rhamnopyranosyl units. The chemical shifts of the aglycone moiety were in agreement with those of 1. The downfield shift of C-2 0 (+1.9 ppm) together with the upfield shift of C-1 0 (-2.1 ppm) and C-3 0 (-0.3 ppm) of the b-glucopyranosyl unit indicated that the a-rhamnopyranosyl unit was attached to C-2 0 of the glucopyranosyl moiety. Therefore, 3 was elucidated as cucurbitacin L 2-O-a-rhamnopyranosyl-(1!2)-b-glucopyranoside.
Khekadaengoside B (4) was obtained as an amorphous powder with a molecular formula of C 42 H 64 O 17 , deduced from HR-FAB mass spectrometry. The 1 H and 13 C NMR spectra showed the presence of two sugar moieties, these being identified as a b-glucopyranosyl and a terminal a-glucopyranosyl unit, together with compound 1. Enzymatic hydrolysis of 4 with a-amylase gave 1, confirming that the a-glucopyranosyl unit is a terminal sugar connected to a b-glucopyranosyl unit at C-4 0 . Furthermore, the 13 C NMR spectrum also revealed the attachment of a terminal sugar to C-4 0 of a b-glucopyranosyl unit due to the downfield shift of this atom (+9.4 ppm) and upfield shift of C-3 0 (À0.9 ppm) and C-5 0 (À1.7 ppm). Consequently, the structure of 4 was identified as cucurbitacin L 2-O-a-glucopyranosyl-(1!4)-b-glucopyranoside.
The molecular formula of khekadaengosides C (5), D (6) and E (7) were determined as C 36 H 52 O 11 , C 36 H 54 O 12 and C 36 H 54 O 12 , respectively by HR-FAB mass spectrometry. On enzymatic hydrolysis with crude hesperidinase (Kohda and Tanaka, 1975 ) of 5, 6 and 7 gave new aglycones 5a, 6a and 7a named khekadaengogenin I (C 30 H 42 O 6 ), II (C 30 H 44 O 7 ) and III (C 30 H 44 O 7 ), respectively. The 13 C NMR spectral data of 5, 6 and 7 were very similar to those of 1 except for different chemical shifts of the side chains.
Khekadaengoside C (5) showed signals corresponding to one methyl group ( 22.7, C-27) and an exomethylene group ( 110.3, C-26) in the side chain instead of two methyl group ( 29.8 and 30.0) signals on C-25, compared to 1, indicating that khekadaengoside 5 was the 25-ene derivative of 1. Accordingly, the structure of 5 was assigned as shown.
Khekadaengoside D (6) showed signals corresponding to a disubstituted olefin group ( 126.0, C-23 and 141.7, C-24) located between a hydroxymethine group ( 81.6, C-22) and a hydroxylated quaternary carbon ( 69.9, C-25) in the side chain. The 13 C NMR spectral data of the side chain were almost the same to those reported for kinonin A, a cucurbitacin with S-configuration at C-22 (Achenbach et al., 1993) . Consequently, the relative configuration at C-22 of 6 was concluded to be S, and the structure of 6 was assigned as shown.
Khekadaengoside E (7) also displayed signals corresponding to a disubstituted olefin group ( 126.8, C-23 and 142.1, C-24) located between a hydroxymethine group ( 76.5, C-22) and a hydroxylated quaternary carbon ( 69.8, C-25) in the side chain. Comparison of its 13 C NMR spectrum with those of 6 revealed significant differences in chemical shifts at C-21 and C-22 (Table 2 ), indicating that 7 is a 22-epimer of 6 with a Rconfiguration. Moreover, the relative configuration at C-22 was confirmed by comparing the chemical shifts of the side chain of 23,24-dihydrokhekadaengoside E (7b), which were in agreement with those of 22(R)-23,24-dihydroderivative of kinonin B (Achenbach et al., 1993) . The structure of 7 was, therefore, elucidated as shown in the formula.
Compounds 8 and 9 have the same molecular formula, C 36 H 54 O 13 , based on HR-FAB mass spectrometry. Each compound revealed the presence of one bglucopyranosyl unit together with a cucurbitacin skeleton, assigned from the NMR spectral data. The 13 C NMR spectra of both 8 and 9 were virtually indistinguishable from each other. However, their HPLC retention times were different (37.2 and 43.5 min, respectively). Therefore, the two compounds were considered to have the same skeleton with a different relative configuration. Enzymatic hydrolysis of 8 and 9 with crude hesperidinase afforded cucurbitacin J (8a, C 30 H 44 O 8 ) and cucurbitacin K (9a, C 30 H 44 O 8 ). The structures of the aglycones were elucidated by comparison of both physical and spectroscopic data with those reported in the literature (Enslin and Norton, 1964; Gamlath et al., 1988) . Consequently, the structure of compounds 8 and 9 were elucidated as cucurbitacin J 2-O-b-glucopyranoside and cucurbitacin K 2-O-b-glucopyranoside, respectively. Khekadaengoside F (10) was obtained as an amorphous powder and determined as C 36 H 54 O 13 by HR-FAB mass spectrometry. Signals due to a b-glucopyranosyl unit were observed in the 1 H and 13 C NMR spectra. The 13 C NMR spectral data were very similar to those of 1. However, the downfield shift of C-7 from 23.8 to 64.8 together with the downfield shift of C-6 from 120.8 to 124.7, as well as the downfield shift of C-8 from 41.8 to 52.9 indicated the presence of an additional hydroxy group at C-7. Furthermore, the appearance of H-8 ( 2.56) as a broad singlet provided a small coupling constant between H-7 and H-8 (J< 1.0 Hz) corresponding to a dihedral angle of approximately 90 , led us to conclude that the hydroxy group at C-7 in the bepimer form. Thus, the structure of 10 was determined as shown.
The molecular formula of khekadaengoside G (11) was determined as C 36 H 52 O 10 by HR-FAB mass spectrometry. Additionally, the 1 H and 13 C NMR spectral data indicated that 11 is a curcurbitacin b-glucopyranoside, and its enzymatic hydrolysis with crude hesperidinase gave it a new aglycone 11a, named khekadaengogenin IV (C 30 H 42 O 5 ). The carbon signals of 11 in rings A, B and C closely matched those of compound 1, and the remaining carbon signals were in agreement with those reported for a 16a,23-epoxy-cucurbitane type triterpene (Schenkel et al., 1992; Kubo et al., 1996) . The detailed analyses of COSY, HSQC data confirmed the formulation of 11. The stereochemistry of the remaining C-and D-rings and the side chain was determined by an NOE experiment as shown in Fig. 1 , in which a significant cross peak was found between H-16 ( 4.84) and H-23 ( 4.95). On the basis of these results, the structure of 11 was characterized as 2,20(S) -dihydroxy -16a,23(R) -epoxycucurbita -5,24 -diene-3,11-dione 2-O-b-glucopyranoside. This compound has independently been isolated from Thai medicinal plant, Gymnopetalum integrifolium (Kurihara et al., 2001) .
Khekadaengoside H (12) had the same molecular formula, C 36 H 52 O 10 , as 11, as deduced from its HR-FAB mass spectrometry. Enzymatic hydrolysis of 12 with crude hesperidinase afforded a new aglycone 12a, named khekadaengogenin V (C 30 H 42 O 5 ). Although the 1 H and 13 C NMR spectral data of 12 were very similar to those of 11, significant differences of the chemical shifts at C-16, C-22 and C-23 (Table 2) were observed from the spectra, suggesting that 12 has the same skeleton with a different relative configuration. The complete assignments for the stereochemistry were based on an NOE experiment as shown in Fig. 1 , in which a significant cross peak was found between H-16 ( 5.07) and H-26 ( 1.65). Consequently, the structure of 12 was elucidated as 2,20(S)-dihydroxy-16a,23(S)-epoxycucurbita-5,24-diene-3,11-dione 2-O-b-glucopyranoside.
Khekadaengoside I (13) has the molecular formula, C 36 H 52 O 11 , as determined by HR-FAB mass spectrometry, and the 1 H and 13 C NMR spectra revealed the presence of a b-glucopyranosyl unit in addition to 30 carbon signals for an aglycone moiety. Although the 13 C NMR spectral data were very similar to those of khekadaengoside G (11), the downfield shift of a methylene signal at C-22 from 49.6 in 11 to 78.2 together with the different chemical shifts at C-17, C-20, C-21 and C-23 indicated the presence of a hydroxy group at C-22. The configuration was concluded from the coupling constant of H-22 (J < 1.0 Hz), which corresponded to a dihedral angle of approximately 90 . This led us to conclude the configuration of hydroxy group at C-22 as being a. Also, the NOE experiment confirmed this assignment as shown in Fig. 1 . Therefore 13 was determined to be 2,20(S),22-trihydroxy-16a,23(S)-epoxycucurbita-5,24-diene-3,11-dione 2-O-b-glucopyranoside.
The molecular formula of khekadaengoside J (14) was determined as being C 42 H 64 O 16 by HR-FAB mass spectrometry and the 1 H and 13 C NMR spectral data showed the presence of a a-rhamnopyranosyl-(1!2)-bglucopyranosyl unit, compared to 3, and a 16a,23-epoxy-cucurbitane type triterpene for its aglycone moiety. The carbon signals of 14 were almost the same as those of khekadaengoside G (11). However, the signal of a methine carbon ( 78.6, C-24) was observed instead of a olefin signal (C-24) in 11, indicating the presence of a hydroxy group at this position. While the stereochemistry of ring D was confirmed by an NOE experiment as shown in Fig. 1 , the absolute configuration at C-24 could not be determined. On the basis of these results, the structure of 14 was elucidated as 2,20 C NMR spectra indicated the presence of a b-glucopyranosyl unit in addition to 24 carbon signals for the aglycone moiety, which suggested a hexanorcucurbitacin skeleton. The chemical shifts of rings A, B and C were in agreement with those of 1. Enzymatic hydrolysis of 15 with crude hesperidinase yielded an aglycone 15a, which identical with 2, 16-dihydroxy-22,23,24,25,26,27-hexanorcucurbit-5-ene-11,20-dione (hexanorcucurbitacin I, C 24 H 32 O 5 ) (Rao et al., 1974) , by analyses of the spectral data. On the basis of these data, the structure of 15 was determined as 2, 16-dihydroxy-22,23,24,25,26,27-hexanorcucurbit-5-ene-11,20- 
The molecular formula of khekadaengoside L (16) was determined as C 34 H 48 O 13 by HR-FAB mass spectrometry. The 13 C NMR spectrum indicated the presence of a-rhamnopyranosyl-(1!2)-b-glucopyranosyl unit, compared to khekadaengoside A (3), in addition to 22 carbon signals for the aglycone moiety. DEPT experiments revealed the presence of five tertiary methyl groups, four methylenes, four methines, as well as nine quaternary carbons. Comparison of the chemical shifts from the 13 C NMR spectral data of 16 with those of 3, helped us to establish the structures of rings A, B and C. The lack of eight signals for the side chain together with the presence of an additional methylene ( 50.3) group in ring D led us to conclude that the structure of 16 was an octanorcucurbitacin glycoside, which structurally differed from known cucurbitacins by loss of the side chain at C-17. The downfield shift of a methine signal (C-16, 70.3) in 3 to 215.5 indicated the presence of an additional carbonyl group at C-16. The position of this carbonyl group was confirmed by the coupling constants of the adjacent protons (H-15 and H-17), in which each proton showed only geminal coupling as shown in Table 1 . Consequently, 16 was elucidated as 2-hydroxy-20, 21,22,23,24,25,26,27-octanorcucurbit-5-ene-11,16 ,20-trione 2-O-a-rhamnopyranosyl-(1!2)-b-glucopyranoside. This is the first report of the octanorcucurbitane skeleton.
Khekadaengoside M (17) has the molecular formula, C 48 H 82 O 18 , as deduced from HR-FAB mass spectrometry. The 1 H and 13 C NMR spectra exhibited three sugar moieties, which could be determined as two bglucopyranosyl units, one of which was substituted at C-2, and a terminal a-rhamnopyranosyl unit in addition to 30 carbon signals for the aglycone moiety. On enzymatic hydrolysis with crude hesperidinase, glycoside 17 gave mogrol (17a, C 30 H 52 O 4 ) by analyses of both physical and spectral data (Takemoto et al., 1983; Kasai et al., 1989) . The glycosylation shifts were observed at signals due to C-3 and C-25 of 17 (Table 4 ), indicating that 17 was a bisdesmosidic cucurbitacin glycoside. The position of sugar moieties were assigned by a HMBC experiment, in which significant three bond correlations were found from H-1 00 to C-25 and C-2 00 , as well as in the correlations from H-1 000 to C-2 00 and from H-1 0 to C-3 as shown in Fig. 2 . Consequently, 17 was determined Table 3 1 H NMR spectral data for compounds 5a-9a, 11a, 12a and 15a (400 MHz, C 5 D 5 N) (Oobayashi et al., 1992) . Therefore, the structure of 18 was elucidated as 4 3 198.9 198.9 198.9 198.7 198.7 198.9 198.9 198 
Extraction and isolation
The fruits (1.2 kg) of T. tricuspidata were extracted with hot MeOH. After removal of the solvent by evaporation, the residue (224.0 g) was defatted with Et 2 O. The aqueous layer was subjected to a column of highly porous copolymer of styrene and divinylbenzene, using H 2 O, MeOH and Me 2 CO, successively. The fraction eluted with MeOH (47.0 g) was subjected to a column of silica gel (systems I, II, III and IV, respectively) affording eight fractions, together with compound 1 (6.2 g) from fraction 3. Fraction 2 (4.2 g) was applied to a column of RP-18 using system V to provide compounds 2 (1.1 g) and 5 (100 mg). Fraction 2-9 was purified by prep. HPLC-ODS (system VI) to give compounds 11 (101 mg), 12 (176 mg) and 13 (8 mg). Fraction 5 (4.2 g) was further separated on a RP-18 column (system V) to give seven fractions. Fraction 5-2 was purified by 
